Abstract. The decline in the quality of electric power becomes a serious problem in the industrial sector and affects a significant cost loss. One of the dominant power quality problems is the voltage dip. The use of electric motors in an industry becomes one of the main causes. This paper discusses the investigation on voltage dip problems at a cement factory at Kupang,, Indonesia. The cement factory uses an induction motor as the prime mover and is proven to trigger a voltage dip because of its high starting current. Based on the observed data of the disturbance, a single line diagram was created. The single line diagram was analyzed using an equivalent circuit. It was found out that as the induction motor was started, it created a very significant voltage drop as of 20.43 % to 62.26 %. The voltage dip correlated to the capacity of the induction motor used. The larger the capacity of the induction motor, the larger the voltage dip occured.
Introduction
The availability of qualified electrical energy is one of the important factors for the sustainability of the operation of an industrial estate. The quality of electrical energy is determined by two main factors: The availability of continuous energy or minimal power outages and electrical energy characteristic. The characteristics of the electrical energy volumes are guaranteed in accordance with the minimum requirements for the equipments to work securely and efficiently. The existence of continual electrical power distribution in and industrial area is of utmost important. The poor quality of the electric power, can stop the production process, especially in industries using sensitive loads such as control equipments. If this problem is not handled properly, a significant financial loss will be resulted.
The problems faced by a power system in the supply of electrical energy need to be investigated thoroughly and continuously. Then the main cause of the disturbance that occurs, will be obtained. One of the most common disruptions to power systems is the blurring of the voltage. This disturbance is a transient disturbance in the electric power system, ie a momentary voltage drop in the power system network. Cement Industry is one of the industries requiring considerable electric power from the power system network. In the production process of the cement industry, electric motors both large and small are used greatly.
The use of electric motors is causing the problem of decreasing quality of voltage in the electrical system of factories. The problem often arises is the voltage dip. Based on the observed disturbance data on a regular basis, the cause and effect of the voltage dip was identified. These data were used as parameters in the designated equivalent circuit. Then the data was analyzed to give recommendations as a corrective action. Voltage sags is one of the major problems in the industry and has provided significant financial losses [1, 2] . a* Corresponding author: julius@petra.ac.id
The definition of a voltage dip according to IEC (International Electrotechnical Commission) is a brief interruption of a sudden termination of voltage at all phases at a certain point in the power supply system below the threshold disturbance (usually 10 % of nominal voltage) followed by restoration after a short time interval. In other words, a sudden voltage reduction at some point in the power supply system is below the dip limit (typically 90 % of nominal voltage) followed by recovery after a short interval. The above definition is shown in Figure 1 [1] . Voltage is a phenomenon of decreasing the voltage amplitudes (ΔV) to its nominal price over the time interval t. This phenomenon is usually caused by a sudden disturbance or change in load [3, 4] . When an induction motor is started directly at full voltage then the induction motor will draw a start current of 5 to 7 times the full load current. A high start current is required for the induction motor to obtain sufficient torque to start rotating. The presence of a large start current which is suddenly withdrawn from the power system can cause a voltage dip. The voltage dip induced by the induction motor start current depends on the motor capacity, the motor power factor, the system impedance and the starting method [4, 5, 7] . 
Results and discussion
Observations were conducted and the data were recorded periodically to the operation of three large induction motors. The characteristics of the three motors are as follows: The first condition is one piece of motor with the power of 1 000 kW (120 A). This motor is used as the Cement Mill Motor. The second condition is two pieces of motors with the power 460 kW (55 A). This motor is used as the Raw Mill Motor and Ventilator Motor. The motors in the Cement Factory operate non-stop during the production process. The configuration of the distribution chain and the extent of each piece of the equipment are shown in Figure 1 . Based on the data in Figure 1 , a series of substitute drawings were made for further analysis [8] [9] [10] . Based on the sequence mentioned above, the voltage dip, occuring when the motor starts, can be calculated by the following Equation (1): The possibility of the operation of the three motors is presented in Table 2 . Based on the data on the equivalent circuits, calculations and analysis were performed as described above. The calculation results are presented in Table 3 . Based on the data in Table 3 , the dip voltage occurred when the motor was starting on all conditions with the magnitude ranges from 20.43 % to 62.26 %. The greater the capacity of the motor, the dip voltage that occurred on the channel was also greater. M1 with the starting condition (32.08 %) or all three starting motors together (62.26 %) was not ideal because it could cause other problems in power system network, such as the inability of sensitive electrical load, disruption of function of equipment motor control and others. The voltage dip values that occured in all conditions are seen to exceed the standard limits based on IEEE (Institute of Electrical and Electronics Engineers) Std.1159-1995.
